FOLLOWING the original observation of Rapkine (1931) that the level of trichloroacetic acid (TCA)-soluble sulphydryl (SH) compounds in dividing sea urchin eggs fluctuated during cell division, considerable evidence has been accumulated to show that protein and non-protein SH groups play an important role in cell division (Needham, 1950 ; Barron, 1951 ; Mazia, 1954 Mazia, , 1959 Stern, 1959 Stern, , 1960 . Although it is not known how SH groups participate in this process, attempts have been made to relate carcinogenesis to a disturbance of this function. Thus Crabtree (1944, 1945, 1946) postulated that a primary carcinogenic disturbance is the binding of carcinogen to SH-containing cell constituents, and that anti-carcinogenic compounds which react with SH groups prevent this. On the other hand, Calcutt (1961) suggested that a rise in total SH level is essential for carcinogenesis and that anticarcinogenic substances inhibit this rise. Thus, the question of how SH groups take part in carcinogenesis has not been answered.
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The question of whether it is the protein or non-protein SH groups which play a role also remains open. This is not surprising since there is a lack of agreement by different workers on the effects of carcinogens on SH levels. In particular, apparently conflicting effects of hepatocarcinogens on the non-protein SH content of the liver have been reported. Among the workers who gave a single dose of carcinogen, Boyland and Mawson (1938) noted a rise in the TCA-soluble SH level in the liver of mice for more than 20 days following an intraperitoneal injection of 3,4: 5,6-dibenzocarbazole; Kennaway, Kennaway and Warren (1944) found that intraperitoneal injection of dimethylaminoazobenzene (DAB) into mice did not affect the metaphosphoric acid-soluble SH level; Roy, Miya and Carr (1958) observed that 5 hours after oral administration of DAB or /3-naphthylamine to rats the sulphosalicylic acid-soluble SH level in the liver was lower than in the controls; while Neish and Rylett (1960, 1961) reported the appearance of an acidic thiol peptide in the liver of rats after an intraperitoneal injection of hepatocarcinogens, in contrast to non-carcinogenic compounds. In the case of continuous feeding of carcinogenic aminoazo dyes to rats, Roy, Miya and Carr (1957, 1958) reported slightly increased sulphosalicylic acid-soluble SH concentrations in the liver after 4 and 8 weeks followed by a depletion after 12 weeks if DAB was incorporated in a stock diet, and no increase if a low-protein diet was used; Fiala (1958) and Fiala and Fiala (1959) concluded that feeding 3'-methyl-DAB caused a late decrease of liver glutathione, but an increase of sulphosalicylic acid-soluble non-protein SH; and finally Calcutt, Doxey and Coates (1960) noted a slight increase of both metaphosphoric acid-soluble SH and total SH groups after feeding DAB, but in a later paper (1961) this effect was considered to be due to dietary factors rather than to the azo dye.
To tell which effects of carcinogens are significant for carcinogenesis and which are irrelevant, it is of value to compare the response to carcinogens with the response to closely related compounds which are non-carcinogenic. Of the above workers, only Neish and Rylett (1960, 1961 ) did this. It was therefore considered desirable, as part of a study of the metabolism and biochemical effects of carcinogenic aminoazo dyes, to follow the changes in TCA-soluble SH content of the liver after administration of both carcinogenic and non-carcinogenic members of this group.
Because changes in the soluble SH level in many conditions are paralleled by changes in the amount of ascorbic acid, the content of this acid in the liver was also determined. Workers who gave a single dose of hepatocarcinogen to mice found that the effect on the ascorbic acid content of the liver was not significant (Boyland and Mawson, 1938; Kennaway, Kennaway, and Warren, 1944) . After feeding DAB continuously to rats, increased levels of ascorbic acid have been observed in the liver as well as in the hepatomas (Daff, et al., 1948; Doi, 1957; Briggs, 1960) .
This paper is concerned with changes following single intragastric doses of aminoazo dyes. The effects of continuous feeding will be reported in a subsequent paper (Dijkstra and Pepler, 1964) .
MATERIALS AND METHODS
Reagents.-The aminoazo dyes, 3'-methyl-4-dimethylaminoazobenzene (3'-Me-DAB), 2-methyl-4-dimethylaminoazobenzene (2-MeDAB), 4-dimethylaminoazobenzene (DAB), and aminoazobenzene (AB), were prepared as described by Dijkstra and Louw (1962) . They were dissolved in olive oil of BP quality. All other reagents were of analytical grade.
Treatment of animals.-Male albino rats (weight 220-260 g., unless otherwise stated) were given 50 mg. of dye in 2 ml. of olive oil by stomach tube between 9.00 and 10.00 p.m. and treated as described by Dijkstra (1963) .
Determination of dry matter.-The dry matter content of the liver was determined by drying 1*0-1*6 g. portions of the left lateral lobe at 20 C. over P205 in vacuo to constant weight.
Preparation of TCA extracts.-The liver was extracted with TCA (2 ml. of 10 per cent TCA per g. of liver) as described by Dijkstra (1963) . In order to calculate SH and ascorbic acid contents per g. of liver, the volume of extract obtained from 1 g. of liver was taken as 2-7 ml. This figure was based on the observation that the average dry weight of the liver was 30 per cent (range 27*3-32.7) for dye-treated rats.
Ascorbic acid estimation.-The method of Sakai and Dan (1959) was used.
TCA extract (1.0 ml.) was added to 8 ml. of 2 per cent HPO3, and the ascorbic acid was titrated in the cold with freshly prepared 2,6-dichlorophenol-indophenol (10 mg. per cent).
Sulphydryl estimations.-After titration of ascorbic acid, 1 ml. of 5 per cent KI and 2 drops of 1 per cent soluble starch were added to the slightly pink solution, and the SH compounds in the TCA extract were titrated with 5 X 10-4 M KI03
In certain cases the SH groups were also determined by titration with MeHgI according to Simpson and Saroff (1958) . TCA extract (1.0 ml.) was neutralised to pH 7-3 with 1 M K2HP04; 5-10 ml. of 10-3 M MeHgI in toluene was added immediately and the mixture was stirred for 1 hour in the cold. After reaction, 0-2 ml. of the toluene layer was added to a mixture of 0.5 ml. pyridine-acetic acid (1: 1) and 1 drop of 0-1 M ethylenediamine-tetraacetate, and the excess of MeHgJ was titrated with 0*2 ml. dithizone in chloroform. The end-point of the titration was not sharp and the method was less precise than the iodometric method.
The recovery of reduced glutathione (Schwarz) was 99 per cent by the iodometric and 98 per cent by the MeHgI method.
Since the iodometric titration is not specific for SH groups, the observed increase in SH was checked with the MeHgI method in some TCA extracts. Table  I shows that the two methods give identical results. Stability of TCA extracts.-Storage of the TCA extracts at 0°C. for 3 days caused a loss of 4-8 per cent of ascorbic acid and a decrease of 2-12 per cent in SH groups; but over a period of 5 hours no noticeable changes could be detected if the extracts were kept under an atmosphere of nitrogen. The extracts were, therefore, kept under nitrogen and were usually titrated within one hour.
Estimation of dye.-The residues from a single TCA extraction were extracted with peroxide-free ether at room temperature to remove the TCA. In later experiments ethyl alcohol was used for this purpose. Alcohol-extractable dyes were then removed and the protein-bound azo dye determined as described (Dijkstra and Joubert, 1961) . The amount of dye found per 50 mg. of protein was expressed in optical density units (E) as defined by Dijkstra and Louw (1962) .
RESULTS
The time and extent of maximum binding of the dyes to liver proteins in the rats used for the present experiments were similar to those described by Dijkstra and Louw (1962) . The average dye levels (Emax.) at the time of maximum binding (40 to 50 hours after dosing) were 0x20, 0-12, 0-06, and 0-02 in the case of 3'-Me-DAB, 2-MeDAB, DAB, and AB, respectively.
In the early experiments, the dry matter content of the livers was not determined but, following the report of Neish and Rylett (1960) that the dry matter content of rat liver was lower on the third and the sixth day after an intraperitoneal injection of carcinogenic compounds in contrast to non-carcinogens, in later experiments we determined the dry matter content of the liver of rats dosed with 3'-MeDAB or 2-MeDAB. The results are shown in Fig. 1 . The dry matter content of the liver of our rats was generally higher than the values reported by Neish and Rylett (1960) . Moreover, the dry matter content of the liver decreased in both the animals fed the carcinogen 3'-MeDAB and the non-carcinogen 2-MeDAB, reaching a minimum between 40 to 50 hours after dosing, when maximum binding of the dye to liver proteins occurred. Thereafter the values rose to levels which, in agreement with the findings of Neish and Rylett, were lower in the case of the carcinogen than in the case of the non-carcinogen.
SH levels
The content of TCA-soluble SH compounds in the liver of normal rats was S*2 ,umoles per g. of liver (wet weight) (Table II) . Fasting the rats for 6 to 7 hours which had been starved for 6 hours, were given 2 ml. of olive oil only, the level of TCA-soluble SH compounds in the liver fell further to about 70 per cent of the normal value after 3 to 4 hours, and then rose slowly to about 15 per cent above normal after 30 hours, whereupon the level decreased to 10 per cent below normal after 3 to 7 days (Fig. 2a) . When 50 mg. of 3'-MeDAB was dissolved in the olive oil, the initial drop in TCA-soluble SH compounds was greater, reaching less than 60 per cent of the normal value after 3 hours. This was followed by a rise to more than 200 per cent of the normal value after about 40 hours (Fig. 2b) . Thereafter the level decreased, returning to normal after about 4 days. The time at which the maximum value was obtained coincided with that of maximum binding of the dye to liver proteins. Similar results were obtained when 2-MeDAB was administered in olive oil (Fig. 2c) . In this case, the maximum SH values were 155 per cent of the normal value, while again the maximum coincided with maximum binding of azo dye to liver proteins.
When the changes in dry matter content of the liver were taken into consideration, the extent of the drop in the TCA-soluble SH level at 3 to 4 hours was not affected, but the increase at 40 hours was enhanced to about 220 and 170 per cent of the normal value in the case of 3'-MeDAB and 2-MeDAB, respectively.
Not only did the increase in TCA-soluble SH levels with 3'-MeDAB and 2-Me-DAB follow the same time course as the binding of the dyes in the liver, but the maximum value was also greater with 3'-MeDAB which was more extensively bound (Emax.-0.20) than 2-MeDAB (Emax. = 0.12). This prompted an investigation of the effect of other dyes which differ in their degree of binding. 
Ascorbic acid level
The ascorbic acid level showed at all times larger individual variations than the SH level. The average content of ascorbic acid in the liver of normal rats was 0-391 mg. per g. of liver (wet weight). Fasting the animals for 6 to 7 hours before dosing caused a decrease of this value to 0-374 mg. per g. of liver (Table II) . Administration of olive oil alone decreased the ascorbic acid level further to 0-32 mg. per g. of liver, which value was maintained for a week, beginning 15 hours after the administration of olive oil (Fig. 3a) . Administration of 3'-MeDAB (Fig. 3b) or 2-MeDAB (Fig. 3c ) appeared to cause an initial increase in ascorbic acid content which occurred during the first 30 to 40 hours after dosing. This increase was most distinct in the case of 2-MeDAB. After about 40 hours, a fall was observed to 60 per cent of the normal value in the case of 3'-MeDAB and 2-MeDAB. This fall appeared to be less marked in the case of DAB and AB which were also less extensively bound to liver proteins (Table III) .
In order to verify whether the biochemical effects of a single dose of aminoazo dye were associated with histological changes, some livers, obtained 4 and 44 hours after the administration of olive oil, 3'-MeDAB or 2-MeDAB, were examined, using haemotoxylin and eosin or reticulin stain. No definite evidence of necrosis or regeneration was found, but after 44 hours some suggestion of cell damage could be seen in the form of focal fatty change and decreased cytoplasmic basophilia.
DISCUSSION
The effect of a single dose of aminoazo dye oIn the TCA-soluble SH content and ascorbic acid content of the liver depended on the time which had elapsed after the administration of the dye. This may explain some of the apparently conflicting results in the literature.
Intragastric administration of aminoazo dyes in olive oil caused a greater fall in TCA-soluble SH content after 4 hours than the administration of olive oil alone. The extent of the drop was the same for 3'-MeDAB, 2-MeDAB, and AB, so that it does not appear to be related to the simultaneous appearance in the TCA extract of an early metabolite of 3'-MeDAB or 2-MeDAB (Dijkstra, 1963) , or to the subsequent rise of TCA-soluble SH compounds, or to the extent of protein binding of the azo dyes, or to their carcinogenic activity. A similar decrease was found after injection of bromobenzene (Binet and Willers, 1951 ; Snyder and Cornatzer, 1958) or benzylchloride and other halogen compounds (Barnes, James and Wood, 1959) , accompanied by mercapturic acid formation. Whether aminoazo dyes are detoxified by mercapturic acid formation is not known.
Snyder and Cornatzer (1958) observed that the decrease in soluble SH compounds in the liver after bromobenzene injection was well correlated with the onset of necrosis, and because dietary necrosis was also accompanied by a fall in non-protein SH groups (Leaf and Neuberger, 1947) Christensen, et al., 1948; Ferrari and Harkness, 1954; Eden and Harrison, 1955) . In the present case of aminoazo dyes such a correlation of high soluble SH levels with liver regeneration could not be observed. The nature of the SH compounds which increased is not known. Preliminary chromatographic results suggested that it was glutathione. It was different from the thiol peptide X of Neish and Rylett (1960, 1961) , because the latter appeared much later and then only in the liver of rats treated with hepatocarcinogens and not in those treated with 2-MeDAB.
The changes observed in the ascorbic acid content of the liver were also dependent on the time of examination after administration of the dyes. The initial increase was not specific for carcinogenic aminoazo dyes or for dyes which bind extensively to liver proteins. Neither was the subsequent fall after 40 hours related to carcinogenic activity, but a possible relation to protein binding of the dyes has not been excluded. This fall occurred when the soluble SH level had reached its maximum value. The low ascorbic acid content was of a less transitory nature than the changes in SH level. It may be caused by increased excretion in the urine as observed by Boyland and Grover (1961) after the administration of 3'-MeDAB and 2-MeDAB.
SUMMARY
A single intragastric dose of aminoazo dyes caused a fall of the trichloroacetic acid-soluble sulphydryl concentration in the liver of rats to a minimum after about 4 hours. The subsequent increase in the level of these sulphydryl groups followed the same time course as the binding of azo dye to liver protein, which was maximal after 40 to 50 hours. The significance of this relation to protein binding is stressed by the observation that the magnitude of the sulphydryl increase after 40 to 50 hours was related to the extent of binding to liver proteins in the case of the carcinogenic and non-carcinogenic azo dyes studied.
The ascorbic acid content of the liver of rats dosed with 3'-MeDAB or 2-MeDAB decreased at approximately 40 hours to 60 per cent of its normal value and recovery to a normal level was not complete within two weeks.
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